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produced when PTB patients cough. Primary infection is thought to be largely subclinical, and therefore, active disease ensues on reactivation of latent infection or due to reinfection. Reactivation is strongly associated with immunosuppression, often due to HIV infection, but majority of patients with active TB globally are HIV negative, with malnutrition, stress, depression, and possibly host genetic factors being associated with the development of active disease.
One of the greatest challenges to achieving sustained improvements in TB control globally is that the currently available diagnostic tools and strategies are inadequate to easily capture all active TB cases and stem transmission. These challenges are particularly acute in Sub-Saharan Africa which endures the highest burden of active TB, where in both the community [2] and hospital settings, many cases of active TB and drug-resistant TB remain undiagnosed. [2, 3] At the University Teaching Hospital, Lusaka, Zambia, we have recently unearthed a significant burden of undiagnosed TB and multidrug-resistant (MDR) TB cases, affecting both HIV-infected and uninfected patients, with active culture positive TB being detected in up to 10% of adult patients who can expectorate, but who do not fulfill the classical definition of "TB suspect." [2] Following on from this, we have undertaken cross-sectional autopsy studies in both adult and pediatric deaths and found missed TB, EPTB, or MDR-TB infection as a cause of death in up to 10% of both adult and pediatric admissions. [4, 5] Hospitals in Sub-Saharan Africa are concentrating centers for the more advanced EPTB, in patients whose prior PTB infection has been missed or inadequately treated by community-based TB diagnostic and treatment facilities. EPTB disease occurs in places other than the lungs, including the larynx, lymph nodes, pleura, brain, kidneys, or bones and joints. [6] Following lymphatic or hematogenous spread of bacilli during primary pulmonary infection, tubercle bacilli settle in different body sites, multiply, and elicit host immune responses, which results in the formation of granulomas with caseous necrosis and Langhans-type giant cells, a set of signs known as classic histopathological features of TB. [7] This "gold standard" definition of TB infection does not differentiate M. tuberculosis from other mycobacteria; central caseous necrosis is not always apparent in small biopsies, [8] and there are other possible granulomatous conditions. [8] Accurately diagnosing EPTB microbiologically is also difficult because it requires invasive biopsy sampling of paucibacillary tissues or fluids (e.g., cerebrospinal fluid [CSF]), which might be of limited volume and have a nonuniform distribution of bacilli. A Ziehl-Neelsen (ZN) stain confirms the presence of acid-fast mycobacteria but is not specific for M. tuberculosis. Culturing M. tuberculosis from tissue may be available in some laboratories, but this requires fresh sterile specimens, is resource intensive requiring Biosafety Level (BSL-3) lab facilities, and is not routinely practiced outside of large research-focused hospitals.
Hence, there has been much interest in recent years on the application of M. tuberculosis-specific molecular diagnostics, originally developed to test for M. tuberculosis DNA in respiratory specimens, for the rapid and accurate diagnosis of EPTB (and drug-resistant EPTB) using a variety of biopsy specimen types. [9] [10] [11] One such assay is the Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, USA), which is a fully integrated cartridge-based polymerase chain reaction (PCR) assay that has been designed to use molecular beacons technology to detect specific molecular signatures of both M. tuberculosis complex and rifampicin resistance. The assay was primarily designed for the diagnosis of TB in sputum specimens and received the WHO endorsement in 2010, as the initial diagnostic tool for HIV-associated or MDR-TB, and as a follow-up diagnostic method in smear-negative TB suspects. [12] The assay has been extensively evaluated using sputum and other respiratory specimens, in both adults [13] and children, [14] and is broadly thought to be twice as sensitive as smear microscopy, using culture as the gold standard, diagnosing in excess of 80% of culture-confirmed PTB. [15] Researchers have also started experimenting with the use of the Xpert MTB/RIF assay for detecting M. tuberculosis in nonrespiratory specimens. Several studies have assessed the utility of the Xpert MTB/RIF assay for the diagnosis of EPTB through analysis of biopsy specimens, including various body fluids (urine, CSF, pleural fluid) or fresh and frozen tissues (as reviewed). [16] In summary, compared with liquid culture as the gold standard, the Xpert MTB/RIF assay has a generally high specificity in a range of specimen types, but studies report very varied sensitivity results, with pooled values as low as 34% (95% confidence interval [CI]: 24%-44%) in pleural fluid, but as high as 96% (95% CI: 72%-99%) in lymph nodes. [16] Most studies to date have used fresh or fresh-frozen tissue or biopsy specimens for Xpert analysis, [12, 16] but the routine method for handling biopsy or postmortem tissue in a diagnostic histopathology laboratory is to fix the specimen with formalin and embed it in paraffin wax. Whether fresh from the tissue processor or from archived biobanks, formalin-fixed paraffin-embedded (FFPE) tissues are important diagnostic research materials as they are noninfectious, have a better preserved cellular architecture, and hence are suitable for morphological evaluation and can be kept for a long time, making them useful for retrospective studies. Here, we evaluate the Xpert MTB/RIF assay alongside an in-house PCR assay targeting IS6110, for detection of M. tuberculosis in a range of FFPE biopsy specimens compared with ZN staining and routine histopathology as the gold standard.
Methods

Study design and site
We conducted a retrospective laboratory-based study to compare the accuracy of both the Xpert MTB/RIF assay and an in-house PCR assay, for the diagnosis of EPTB in FFPE biopsy specimens against histology as the gold standard. The study was undertaken at the University Teaching Hospital in Lusaka, Zambia, on routine specimens collected in 2013. All of the samples were subjected to histology, ZN, in-house PCR, and Xpert MTB/RIF assay tests.
Histology and Ziehl-Neelsen staining
Paraffin blocks were placed cut surface down on an ice-cold plate for 20 min. The manual rotary microtome was used for this study, and it was thoroughly cleaned before each sectioning session using xylene to remove residue paraffin wax. To minimize the potential for cross DNA contamination, gloves were worn and the microtome and surrounding station were cleaned with bleach between specimens, and a new microtome blade and pair of gloves were used for each block. The block was first trimmed at 15-30 µm, followed by one to four ribbons of 5 µm for histological diagnosis stained with hematoxylin and eosin, one to four ribbons obtained for ZN staining, and a series of 10 µm thick sections for the in-house PCR (n = 3 − 9) and for the Xpert assay (n = 5 − 20). Microscopic examination of hematoxylin and eosin stained slides was done by a consultant pathologist, Dr. Aaron Shibemba.
DNA extraction
Sample DNA was extracted by the xylene-phenol-chloroform method adapted from Pikor et al. [17] All of the procedures were performed in a fume hood. Samples were deparaffinized using three changes of xylene, 800 µL each change, and then dehydrated through a series of 800 µL alcohols (100%, 70%, and then 50%) using molecular grade ethanol. At this stage, the samples were air dried for 5 min, followed by addition of 500 µL of lysis buffer and 20 µL of proteinase K (20 mg/mL stock solution; Qiagen, Hilden, Germany). After thorough mixing, the samples were incubated at 56°C for 48 h. The samples were then washed using an equal volume of neutral buffered phenol, followed by addition of a solution made up of a mixture of phenol, chloroform, and isoamyl alcohol (25:24:1; v/v) to complete the process of DNA clean up. This was followed by the DNA precipitation step using 3M sodium acetate at pH 5.2 in quantities of 1/10 the volume of the sample, followed by addition of equal volumes of 100% isopropanol. The solution was then frozen at −20°C for 30 min, followed by a 10 min spin at 21,000×g. After discarding the supernatant, the pellet was washed with ice-cold 70% ethanol and finally resuspended in 50 µL of molecular grade water. DNA was quantified using a Nanodrop ND-1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA).
IS6110 real-time polymerase chain reaction
We designed an SYBR-Green real-time PCR assay targeting a 245 bp fragment of IS6110 of M. tuberculosis complex. The 20 µL reaction contained 1 µL of each primer (INS1: 5'-CGTGAGGGCATCGAGGTGGC-3' and INS2: 5'-GCGTAGGCGTCGGTGACAAA-3'), [18] 10 µL of SYBR Green Master Mix (Qiagen, Manchester, UK), 3 µL of molecular grade water, and 5 µL of the template. Reactions were performed on a Rotor-Gene 6000 (Corbett, Mortlake, Australia) with the following cycling conditions: 95°C for 5 min, followed by 40 cycles of 94°C for 2 min, 60°C for 2 min, and 72°C for 2 min, and a melt curve at 99°C. Every PCR run included positive and negative controls.
The Xpert MTB/RIF assay
After deparaffinization and dehydration as described above, the tissue homogenate was then poured into a tube containing silica gel beads, and 1000 µL of distilled water was added. The tissue was then crushed by means of vortexing for 15 min, after which 1000 µL of the tissue homogenate was mixed with 2000 µL of the Gene Xpert reagent (Axon Lab Baden, Switzerland) and allowed to settle for 15 min. Some 2000 µL of this mixture was then analyzed by the Xpert MTB/ RIF assay (Cepheid) in accordance with the manufacturer's instructions.
Ethical approval
The study was approved by the ERES Converge Institutional Review Board (approval number: 2014-NOV-004). Permission to use the archival FFPE tissues and other utilities was sought from the Senior Medical Superintendent of the University Teaching Hospital. The study was laboratory-based, with no direct contact with patients.
results
Burden of tuberculosis diagnosed by different methods
We screened 100 routine biopsy specimens by histopathology, ZN stain, in-house PCR, and the Xpert MTB/RIF assay. Some 64% were lymph node biopsies, 10% were male genital tract, 8% were abdominal tissue, 5% were female genital tract, and 5% were breast tissue, with the remaining non-lymph specimens being listed in Table 1 . All lymph nodes and 25 non-lymph node specimens were taken from patients with suspected TB infection. The remaining 11 cases included seven patients with suspected cancer/growths and four with swollen joints. Histological evidence of TB infection was observed in 71.9% (46/64) of lymph specimens, 60% (6/10) of male genital tissue, and 50% (4/8) of abdominal tissue and was commonly observed in all other tissues, except thyroid [ Table 1 ]. In lymph tissue, the in-house PCR assay had the greatest yield (34.4% [22/64]), followed by the Xpert MTB/ RIF assay (28.1% [18/64]), and ZN staining had the lowest yield (9.4% [6/64]) [ Table 1 ]. The yield given by these other diagnostic tests used was also universally lower in male genital tract and abdominal tissue [ Table 1 ]. ZN was consistently negative in all other tissues, and the Xpert MTB/RIF assay was positive in both skin biopsies, but no other tissues [ Table 1 ]. Conversely, the in-house PCR assay was positive in 50% (18/36) of non-lymph tissue, with representative positives in all specimen types [ Table 1 ]. Both molecular tests combined were only able to detect 52% (24/46) of histopathologically confirmed TB cases within lymph tissue, whereas within non-lymph tissue, they detected 88% (15/17) of histology-confirmed TB cases [ Figure 1 ]. Where there was no histological indication of TB infection, the molecular TB tests were positive in 33% (6/18) of lymph and 36% (5/14) of non-lymph tissues. There was a high level of discordance between TB diagnostic tests in both lymph and non-lymph tissue [ Table 2 ].
Accuracy of molecular diagnostic methods
Within the lymph node tissue, the sensitivity of ZN, in-house PCR, and the Xpert MTB/RIF assay was 13% (95% CI: 5%-27%), 41% (95% CI: 27%-57%), and 30% (95% CI: 18%-46%), respectively. The specificity of ZN staining was very high (100% [95% CI: 78%-100%]), but the specificity of both the in-house PCR (83% [95% CI: 58%-96%]) and Xpert MTB/RIF (78% [95%CI: 52%-93%]) assays was low [ Table 3 ]. In non-lymph tissue, the performance of ZN and the Xpert MTB/RIF assay was very similar with no significant differences in either sensitivity or specificity. Conversely, the in-house PCR assay was significantly more sensitive than the Xpert MTB/RIF assay: 82% (95% CI: 56%-95%) vs 35% [95% CI:15%-61%]; P = 0.004) [ Table 3 ]. The Xpert MTB/RIF assay detected rifampicin resistance in just three cases (2 TB lymphadenitis 
dIscussIon
The study had four key findings: • Histologically confirmed TB was highly prevalent among FFPE biopsy specimens submitted for routine TB diagnosis, seen in 71.9% (46/64) of lymph node biopsies, and in up to 60% of other specimen types. • Both the Xpert MTB/RIF assay and in-house PCR assay had poor sensitivity (<50%) for detecting histology-confirmed TB in FFPE lymph biopsies. • Within FFPE non-lymph tissue specimens, the in-house PCR assay had a reasonable sensitivity of 82% (56%-95%), significantly higher than that of the Xpert MTB/RIF assay (35% [15%-61%]; P = 0.004). • The high frequency of discordance between histology and both molecular assays, which are by their nature highly specific for detecting M. tuberculosis DNA, is strongly suggestive that for a significant minority of cases, there may have been non-TB causes of granulomatous inflammation and, conversely, that there may have been active TB disease in the absence of granulomatous inflammation.
The findings in this study should be interpreted in light of several limitations. This was a laboratory-based study, and hence, the specimens analyzed do not represent a clinically defined patient group, and the amount of clinical data available was limited. We do not know the HIV status of the cases for example. The retrospective nature of the study meant that we could not include TB culture as an alternative gold standard against which to evaluate the Xpert MTB/RIF assay, which would be more comparable with previous evaluations on fresh/frozen tissue specimens.
The high burden of TB among the lymph and other tissue specimens analyzed is consistent with our previous studies at the University Teaching Hospital, where we have shown a considerable burden of TB among adult inpatients. Our surveillance study, of all adult admissions who could expectorate, identified culture-confirmed TB in 10% of hospital admissions in whom TB was not suspected clinically. [2] Following this, our cross-sectional autopsy study identified active TB infection in 62% of adult mortalities, with up to 26% of cases being undiagnosed premortem. [4] The finding that ZN staining rarely detects acid-fast bacilli in histology-confirmed TB cases is consistent with studies done elsewhere [9, [19] [20] [21] [22] and highlights its limited clinical value as a diagnostic tool. While specificity was very high, ZN staining is not specific to M. tuberculosis and positive slides might also indicate the presence of non-TB mycobacteria (NTM), which can be highly prevalent in high TB burden settings: Recent national surveillance studies in Zambia found the prevalence of NTM to be 1,477/100,000 population, [23] over 3-fold higher than the prevalence of TB (455/100,000 population). [24] The clinical implications of this are unclear, [25, 26] but perceived wisdom is that NTM are not important contributors to lung disease globally, irrespective of HIV status. [26] [27] [28] Our recent pediatric autopsy study found NTM to be commonly detectable in lung tissue by molecular methods, including in cases with histological evidence of TB infection. [5] For this reason, molecular methods that specifically target M. tuberculosis complex are highly attractive as possible confirmatory tests for tissue specimens with histological evidence of TB. In FFPE lymph specimens, the sensitivities of both the Xpert MTB/RIF assay (30%) and the in-house PCR assay (41%) were significantly lower than what has been observed in fresh biopsy specimens (median sensitivity among 14 studies was 94%). [12, 16] These biopsy or fine-needle aspirate studies used culture as the gold standard but the application of molecular diagnostics to histological specimens can potentially result in a diagnosis in just a few days, compared with several weeks for culture. [8] There is just one previous study in the literature that used the Xpert MTB/RIF assay to detect M. tuberculosis in FFPE tissues (mainly lung tissue), comparing its performance with that of the Artus M. tuberculosis RG-PCR (Qiagen, QIAGEN UK) among histopathologically confirmed TB cases. [10] Consistent with our findings, the Xpert MTB/RIF and Artus M. tuberculosis RG-PCR assays detected M. tuberculosis in 50% (20/40) and 42.5% (17/40) of cases, respectively. [10] This study did not include any non-TB cases and so could not estimate specificity. Among 32 cases without TB histopathology, we detected M. tuberculosis DNA in six lymph specimens and five non-lymph specimens, resulting in relatively low specificity; however, clinically, even in the absence of TB pathology, a positive PCR test for M. tuberculosis complex on a tissue biopsy would likely inform on initiation of TB therapy. [29] Culture analysis of fresh specimens may have confirmed some of these cases. WHO recommendations state that:
Xpert MTB/RIF may be used as a replacement test for usual practice (including conventional microscopy, culture, and/ or histopathology) for testing of specific nonrespiratory specimens (lymph nodes and other tissues) from patients presumed to have EPTB (conditional recommendation, very low quality of evidence). [12] This advice is based on studies of fresh biopsy specimens and fine-needle aspirates against culture as the gold standard and they state that the quality of evidence is quite low, most likely because of variation in methodologies used and the limited sample size of most studies. The median sample size of the 14 studies referenced was n = 43, [12, 16] with the largest study being n = 344. [30] Our data suggest that the use of molecular methods such as the Xpert MTB/RIF assay on FFPE tissue may be superfluous on specimens undergoing routine histopathology although the rapid detection of rifampicin resistance could be clinically informative, and use of the Xpert MTB/RIF assay might be justified in certain tissue specimens or from certain patient groups, in which the prevalence of rifampicin resistant EPTB is high. We detected rifampicin resistance in 27% (3/11) of Xpert MTB-positive specimens, for which we had valid rifampicin resistant results, but this outcome was confounded by a large number of "indeterminate" results, presumably representing some aspect of specimen preparation which may have impaired this aspect of the Xpert MTB/RIF assay. In our previous study of PTB at the same hospital, we found that 18% of isolates were rifampicin resistant, [31] and it would be logical to assume that as EPTB is typically an extension of untreated or inadequately treated pulmonary disease, the prevalence of drug resistance among EPTB cases is likely to be higher than among PTB cases. [32] conclusIon The Xpert MTB/RIF assay may be a useful diagnostic tool for rapidly detecting rifampicin resistance in FFPE tissue specimens, but its overall sensitivity is too low to warrant replacement of histopathology.
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